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Abstract Background Radiocarpal ormidcarpal arthritis can occur simultaneouslywith arthritis of
the distal radioulnar joint (DRUJ), leading to functional impairment of the wrist. Treatment
often involves wrist arthroplasty or arthrodesis, either with simultaneous or secondary
procedures, addressing the DRUJ. Successful treatment of solitary DRUJ arthritis with DRUJ
replacement has been reported. However, outcomes in patients with multiple prior wrist
surgeries are lacking. Surgery in these wrists is challenging because surgical scarring and
advanced bone deformities make implant positioning more difficult. Therefore, the aim of
this study was to evaluate the outcomes in patients that underwent total wrist arthrodesis
and DRUJ replacement after multiple prior wrist surgeries.
Methods We prospectively enrolled patients that underwent total wrist arthrodesis
and replacement of the DRUJ, either simultaneously or during separate procedures
from 1999 to 2012. We included 14 patients with a median age of 43 years (inter-
quartile range [IQR]: 35–47). As objective outcomes range of motion, weight-bearing
ability, grip strength, wasmeasured. For the subjective outcomes, we used an analogue
pain score and the disabilities of the arm shoulder and hand (DASH) scores.
Results At a median follow-up of 5.6 years (IQR: 3.2–7.1). The average DRUJ range of
motion and weight lifting ability significantly improved. As for the subjective evalua-
tions, postoperative pain scores improved significantly, as did the DASH scores. Four of
the patients had a postoperative complication, including infection and heterotopic
ossification, of which two required reoperations. Additionally, 5 patients developed
pisotriquetral arthritis requiring, pisiform excision, triquetrum excision, or the combi-
nation of both.
Conclusion Distal radioulnar joint replacement with a semiconstrained prosthesis
was an effective method to restore the function of the wrist and forearm. As the
surgical anatomy and soft tissue envelope were compromised in these patients,
additional surgical exposure is necessary, adding to the complexity in these patients.
No radiographic loosening
Level of Evidence This is a therapeutic level IV study.
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The distal radioulnar joint (DRUJ) semiconstrained prosthe-
sis (Aptis Medical, Glenview, KY) has been shown to be an
effective reconstructive option for several acute and chronic
problems. These include arthritis either isolated or in con-
junction with prior trauma or inflammation, instability, or
failed prior reconstructive procedures.1–17

Placement of the radial component of the implant at or
near the original sigmoid notch will optimize its overall
function and limit/undo stresses on both components of
the implant. In the face of prior wrist surgeries, this may
prove technically more difficult. Distorted anatomy of the
distal radius, prior surgical incisions, or the presence of a
prior implant will add to the surgical complexity.

The aim of this study was to determine the outcomes of a
cohort of patients, who underwent distal radioulnar joint
arthroplasty in the face of prior wrist surgery.

Materials and Methods

Study Population
After ethics committee approval, we prospectively enrolled
patients that underwent distal radioulnar joint prosthesis
replacement from 1998 to 2010. We excluded patients that
underwent DRUJ replacement without previous wrist sur-
gery. All patients underwent DRUJ arthroplasty, using the
Aptis DRUJ prosthesis (►Fig. 1; Aptis Medical). We included
14 patients, 7 males and 7 females, with an average age of
44.4 � 8.5 years (►Table 1). Nine patients were manual
laborers (military, construction, mechanic, nurse, truck dri-
ver, distribution, butcher,mailman) andfive patients did not
work prior to their DRUJ arthroplasty. The indication for
surgery was ulnar sided pain in all patients and five patients
also had ulnar stump impingement. The dominant wrist was
affected in 10 of 14 patients.

Prior to DRUJ replacement,five patients had a Darrach, four
patients had ulnar head resection with unipolar prosthesis
replacement, Sauvé-Kapandji procedure had been performed

in two patients of these three patients had previous ligamen-
tous DRUJ stabilization (►Figs. 2 and 3). Three patients had
unaddressed severe DRUJ osteoarthritis. Previously 10
patients had total wrist arthrodesis, three patients had a
radioscapholunate arthrodesis, and three had a wrist arthro-
plasty. A median of two prior wrist procedures had been
performed in the patients.

Surgical Technique
The semiconstrained DRUJ prosthesis is composed of an
ulnar stem, a radius plate, a polyethylene ball, and a socket
covering, connecting the ulnar stem and the radial plate.2

The function of the prosthesis matches the function of the
distal ulna and radius, by allowing longitudinal migration of
the radius throughout pronation and supination, along with
the axial rotation of the stem inside the polyethylene ball.
This prosthesis also allows the ulna to carry the distal radius
against gravitational load.1 The standard technique for
implant placement has been previously described in detail.18

While each case was different due to the complexity of the
initial problem and subsequent surgical procedures, often
with a scarred soft tissue envelope, several points should be
emphasized. Sufficient soft tissue must be mobilized to have
a full view of the lateral column of the distal radius. In the
setting of a poorly defined sigmoid notch, the radial compo-
nent should be placed as distal as possible to still be able to sit
easily along the radial column.

Two patients had simultaneous DRUJ arthroplasty and
total wrist arthrodesis, which was performed through an
incision as for standardwrist fusion extended along the ulnar
border of the forearm. Thewrist arthrodesis was donefirst to
provide stable orientation of the sigmoid notch. In patients
with a prior DRUJ fusion, the ulnawas resected at the level of
DRUJ using an oscillating saw.

Fig. 1 Semiconstrained Distal Radioulnar Joint prosthesis composed
of the ulnar stem, radial plate, hemi-socket, and polyethylene ball.
(Aptis Medical, Glenview, KY)

Table 1 Patient demographics (n ¼ 14)

Age, mean (SD), years 44.4 (8.5)

Male, n (%) 7 (50)

Dominant hand affected, n (%) 10 (71)

Diagnosis, n (%)

Posttraumatic osteoarthritis 10 (71)

Rheumatoid arthritis 4 (29)

Prior DRUJ surgery, n (%)

Distal ulnar resection 9 (64)

Sauvé-Kapandje procedure 2 (14)

Ligamentous DRUJ stabilization 3 (21)

Prior wrist surgery, n (%)

Total wrist arthrodesis 10 (71)

Radioscapholunate arthrodesis 3 (21)

Wrist replacement 3 (21)

Manual laborer, n (%) 9 (64)

Abbreviations: SD, standard deviation, DRUJ, distal radioulnar joint.
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Postoperatively, the patients were placed in a short arm
splint forprotectionof thewrist arthrodesis, allowing immedi-
ate pronationandsupination. Patientswerenot immobilized if
no arthrodesis was performed. Lifting heavy weights (> 5 kg)
was permitted after 4weeks or until thewrist arthrodesiswas
healed. In patients, where a wrist arthrodesis had been
performedpreviously, therewere nopostoperative limitations
with regards to mobilization.

Evaluation
We evaluated objective and subjective outcomes during pre-
and postoperative clinical visits by the treating surgeon. The
preoperative DASH (Disabilities of the Arm, Shoulder and
Hand) was available in 10 patients. Pronation and supination
of thewrist wasmeasured using a goniometer with the elbow
in 90degrees of flexion. Grip strengthwasmeasured using the
Jamar Hydraulic Hand Dynamometer (Asimov Engineering
Company, LA) inposition2 (4 cm).With thepatient in standing
position, weight-bearing ability was evaluated by lifting dif-
ferent weights of 2.3, 4.5, 6.8, and 9.1 kg from the elbow in full
extension to 90 degrees of flexion (with the forearm in the
neutral plane). Allmeasurementswere performed three times
and the average score was recorded.

We measured pre and postoperative pain scores using an
analogue pain scale (0–10 scale) and DASH questionnaire
scores.19 The pain score was recorded when weight bearing
in neutral position.

Statistical Analysis
We evaluated the differences between pre- and postoperative
range of motion (ROM), weight lifting ability, grip strength,
DASH scores, and pain scores using a paired t-test. A level of
significance was set at p < 0.05.

Results

Objective and Subjective Outcomes
All postoperativevalueswererecordedat amedianfinal follow-
up of 5.6 years (interquartile range [IQR]: 3.2–7.1). The pre-
operative pronationwas 45.6 � 23.8 degrees and improved to
76.1 � 17.8degreespostoperatively (p < 0.01) (►Table 2). The
average preoperative supination was 42.3 � 32.2 degrees and
improved to 76.1 � 15.6 degrees (p ¼ 0.02) postoperatively.
Ten of the 14 patients had full range of forearm rotation, while
the other four patients had improvement in motion compared
with their preoperative ROM. Weight lifting ability improved
significantly from 2.5 � 1.7 kg preoperatively to 8.5 � 4.6 kg
postoperatively (p < 0.01). There was no significant increase
(p ¼ 0.08) in grip strength, 16.9 � 10.8 kg preoperatively
versus 26.2 � 13.1 kg postoperatively.

ThemeanDASHscore improvedsignificantly from77.1 � 9.6
preoperative to29.9 � 24.1postoperatively (p < 0.01). Thepain
score improved significantly from 6.6 � 2.0 compared with
1.3 � 2.2 postoperatively (p < 0.01). Of the nine manual
laborers, six returned to work fully, two returned to work

Fig. 2 Patient with severe clinical instability of the ulna. Showing preoperative and postoperative radiographs (top) at 6 years of follow-up.
Range of motion postoperatively at 6 years of follow-up (below).
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partially, and one patient did not return to work. There was no
postoperative radiologic loosening of the prosthesis in any
patient.

Pain and Complications
Additional surgical procedures were required in seven
patients, of which two were directly implant related
(►Table 3). One patient required implant removal and inser-
tion of antibiotic cement bands to treat a deep infection. After
the infection was cleared, the DRUJ implant was reinserted.
One patient required excision of heterotopic ossification
around the ulna. The chief non–implant-related complaint
was new-onset ulnar sided wrist pain which occurred in five
patients 6 to 14 months postoperatively. Three of these
patients underwent pisiform excision, one patient underwent
excision of the triquetrum, and one patient underwent exci-
sion of the pisiform and triquetrum. These complaints were
diagnosed by direct palpation over the pisiform. This differed
from the preoperative complaints as the preoperative piso-
triquetral grind test was negative. After this procedure
patients were symptom free. Superficial infections occurred
in two patientswhowere treated successfullywith antibiotics
without surgical intervention. Two patients subsequently

Fig. 3 (A) Wrist radiograph of a patient with prior total wrist arthrodesis presenting with DRUJ instability and severe radius distortion.
(B) Postoperative antero-posterior wrist radiograph. (C) Postoperative lateral wrist radiograph at 9 years of follow-up. (D, E) Forearm range of
motion at 9 years follow-up.

Table 2 Bivariate analysis objective and subjective outcomes

Objective
measurements

Preoperative Postoperative p-Value

Pronation,
mean
(SD) degree

45.6 (23.8) 76.1 (17.8) < 0.01a

Supination,
mean
(SD) degree

42.3 (32.2) 76.1 (15.6) 0.02a

Weight-lifting
ability, mean
(SD) kg

2.5 (1.7) 8.5 (4.6) < 0.01a

Grip strength,
mean (SD) kg

16.9 (10.8) 26.2 (13.1) 0.08a

Subjective measurements

Pain score,
mean (SD)

6.57 � 2.00 1.29 � 2.16 < 0.01a

DASH score,
mean (SD)

77.10 � 9.62 29.94 � 24.11 < 0.01a

Abbreviations: DASH, disabilities of the arm, shoulder, and hand; SD,
standard deviation.
aUsing paired t-test.
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underwent total wrist arthrodesis within 3 years of DRUJ
arthroplasty due to ongoing radiocarpal pain, posttraumatic
osteoarthritis, or rheumatoid arthritis.

Discussion

Partial or total wrist arthrodesis is not without its associated
complications including nonunion, infection, wound com-
plications, nerve complications, and problems involving the
distal radioulnar joint.20 Zachary et al reported that 3% of
their patients who have had total wrist arthrodesis needed
distal ulna resection because of DRUJ pain or ulnar abutment
within one year postoperatively.21 Many authors have also
reported this adjacent joint arthritis phenomenon in varying
rates.22–24 A factor influencing this could be the use of
the second metacarpal in fixation of the arthrodesis, deviat-
ing the wrist ulnarly causing ulnocarpal abutment.20 Until
recently, one of the few available options for ulnocarpal
abutment syndrome after a total arthrodesis of the wrist
was excision of the distal ulna or the affected carpal
bone.20,21 However, loss of the DRUJ can be painful and
debilitating due to impingement of the ulna on the distal
radius, especially during lifting heavy weights.25,26 Preser-
vation of the DRUJ joint is important for the lifting capacity of
the wrist, during which the gravitational load runs from the
wrist or hand to the ulnar head.27 In a biomechanical study
by Shaaban et al, this was confirmed.28 Salvage procedures of
the DRUJ such as Darrach or Sauvé Kapandji procedure can
result in impingement of the stump of the distal ulna on the
distal radius causing pain, especially in active patients.29,30

Nonetheless, Darrach and Sauvé Kapandji treatments remain
good and effective to treat DRUJ arthritis.

The semiconstrained DRUJ prosthesis was designed to
restore function lost after failed salvage procedures and
has been inserted in over 3,600 patients. Long-term studies
show it to be a reliable, reproducible alternative to other
DRUJ procedures.1 This device offers a pain free, stable joint,
especially in an active patient having simultaneous arthritis

in the carpus and the DRUJ. In this series, we support these
findings in patientswithmultiple prior wrist surgeries, aswe
showed improved range-of-motion and lifting strength, and
subjectively decreased pain after arthrodesis with DRUJ
replacement. That grip strength did not improve can be
explained by the fact that patients had advanced osteoar-
thritis of the wrist. The number of reoperations is not
surprising given the scared soft tissue envelope, numerous
prior surgeries, and distorted bony anatomy. Additionally,
theDRUJ arthroplastymay have changed the force-axis of the
flexor carpi ulnaris, for which the pisiform acts as a fulcrum,
changing the pistotriquetral joint biomechanics causing
pisotriquetral arthritis.31,32

The technical difficulties of the placement of the DRUJ
implant are increased in the setting of prior surgical proce-
dures involving the radiocarpal joint. These include the
presence of prior incisions limiting the ability to create an
extensile approach for the DRUJ implant. The need to remove
a fusion plate on the dorsum of the radius further creates
additional risk of wound healing. The several instances of
wound problems and local infection in this seriesmay reflect
this risk. Distortion of the radius will make placement of the
radial component considerably more difficult. Lastly, prior
surgical procedures in the distal radioulnar joint may lead to
a contracted and noncompliant interosseous space, adding to
the complexity of a more accurate placement of the radial
component. From our experience, we suggest sufficient soft
tissue mobilization and distal placement of the radial com-
ponent when implantation of a semiconstrained DRUJ pros-
thesis in the scarred wrist.

Weneed to interpret these results in respect to its strengths
and limitations. First, only 10 of the 14 patients had preopera-
tive DASH scores. Second, the diagnosis in this populationwas
inhomogeneous. Finally, we only present a small cohort limit-
ing the statistical analysis. The value of this study is that it
shows midterm outcomes of patients that underwent DRUJ
replacement, showing that it is a viable option.

In conclusion, using the semiconstrained DRUJ prosthesis
as an addition to wrist arthrodesis will improve forearm
function in patients with carpal and DRUJ arthritis in the
setting of multiple previous wrist surgeries. We have shown
that DRUJ replacement improves objective and subjective
outcomes in these patients. However, it is important to be
aware of the increased complexity of DRUJ replacement in
this population and that there is a high reoperation rate.
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tionwith Hand and Upper Extremity Service, Department
of Orthopedic Surgery, Massachusetts General Hospital,
Harvard Medical School, Boston, Massachusetts.

Table 3 Postoperativecomplications, complaints, and reoperations

Postoperative complications (n ¼ 4)

Infection, n (%)

Superficial 2 (40)

Deep 1 (20)

Heterotopic ossification, n (%) 1 (20)

Postoperative complaints (n ¼ 5)

Ulnar sided wrist pain, n (%) 5 (100)

Reoperations (n ¼ 7)

Pisiform excision, n (%) 3 (43)

Triqeutrum excision, n (%) 1 (14)

Pisiform and triquetrum excision, n (%) 1 (14)

Implant reinsertion, n (%) 1 (14)

Heterotopic ossification excision, n (%) 1 (14)
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